Graphene was known as the material that owning many superiority properties and high thermal conductivity. Thermal conductivity of single-layer graphene was up to 5200 W/mK (compared to the thermal conductivity of Carbon nanotubes 2000 W/mK and Silver 410 W/mK). This had suggested that graphene is the most potential material for heat dissipation applications for electronic devices, such as a computer microprocessor, high power LED... To enhance the dispersion of the GNPs silicone matrix, we were functionalized graphene nanoplatelets (GNPs) with carboxyl (-COOH) groups. The silicone thermal greases containing GNPs were prepared by High-Energy Ball Milling method (8000D Mixer /Mill). The results of SEM, FTIR, Raman showed the presence of the carboxyl groups in GNPs and GNPs uniform dispersion dispersed in grease. The results of thermal conductivity from Transient Hot Bridge THB-100 showed that thermal conductivity enhancement was up to 234 % with Gr-COOH 1.0 vol.%. Thermal grease is used as a thermal interface material to coolants for Intel Core i5 processor. The results of thermal dissipation efficiency shown the saturation temperature of the processor using thermal grease containing 1.0 vol.% Gr-COOH decreased 4℃, compared to the silicone grease.
I. INTRODUCTION
Nowadays, the process of miniaturization with the development of high-power electronic devices and manufacturing processes developed at the nanometer-level. The electronic devices allow higher transistor integration density in the processor (CPU) [1] [2] [3] [4] . However, computer processors action for a long will consume energy and release large amounts of heat. The excessive amount of heat generated will reduce the lifespan, reliability and efficiency of the CPU because the electronic devices only work into a certain temperature limit [5] . Therefore, the heat generated from high-power electronic devices should be dissipated as quickly and effectively as possible, to maintain the operating temperatures of the devices at the desired level. In the way stated, the heat dissipation enhancement has become one of the most crucial issues that raise the reliability, boosts performance and stability of high-power electronic devices such as microprocessors, and especially is Central Processing Unit (CPU) [6, 7] .
Current cooling methods are only reaching a certain limit due to the interface area between CPU and heatsink [8, 9] . Therefore, the use of thermal grease in high-power electronic devices of great interest by researchers and manufacturers. Thermal grease is a typical thermal interface material (TIM) [10], usually used to increase the thermal conductivity between microprocessors and heat sinks [11] . The main materials of thermal grease consist of the matrix polymer and filler [12, 13] . The filler materials are key thermal conductivity ingredient in silicone thermal grease. It is sized particles µm with high thermal conductivity and dispersed in the base silicone, often use inorganic or metal nanomaterials with high thermal conductivity [14-18].
Thermal silicon grease fills the gaps between two solid surfaces and establishes an efficient heat path, thereby enhancing thermal conductivity [19] [20] [21] . The thermal conductivity of fat increases with increasing filler content. However, many factors have an effect on thermal conductivity of grease, such as the size of particles, the particle dispersion in base grease, and the thermal properties of the dispersed particle [22, 23] . In recent years, many thermal greases have been reported using nanomaterials with high conductivity for better performance. Recently, Graphene is a two-dimensional nanocarbon material with the hexagonally packed structure compromised of sp2-hybridized carbon atoms, discovered by Andre Geim and Kostya Novoselov in 2004 [26] . Baladin et al.'s research showed that the in-plane thermal conductivity of single-layer graphene was up to 5200 W/mK [27] (compared to the thermal conductivity of CNTs 2000 W/mK and Ag 410 W/mK) [28] . This suggests an approach in applying graphene in grease or liquid for thermal dissipation systems for computer processors and other high-power electronic devices.
In this paper, we report on the new results in the fabrication of high thermal conductivity silicone grease containing graphene, and application grease for enhancing heat dissipation of Intel Core i5 processor [29] .
II. THE MATERIAL AND METHOD
The graphene nanoplatelets materials (GNPs) were purchased from ACS Material Company with a purity of 99.5%, thickness 20 nm, diameter 5-10 μm, density 2,3 g/cm 3 , and specific surface area 20-40 m 2 /g. GNPs was functionalized by treatment with a mixture HNO3 and H2SO4 acids at a ratio of 1:3 (v/v) at a temperature of 70℃ for 5h to form a carboxyl (-COOH) group, as schematically shown in Figure 1 . Raman spectroscopy was used to analyze graphitic change the graphene materials after acid treatment. Chemical bonds and elements in thermal grease were characterized by Fourier-transform infrared spectroscopy (FTIR). In order to disperse the Gr-COOH in the silicone grease, we using by 8000D Mixer /Mill (High-Energy Ball Mill) at a speed of 8000 rpm for 3 hours. Field-emission scanning electron microscope (FESEM) was used to examine the size, morphology, and distribution of Gr-COOH in the thermal grease. Thermal conductivity of the grease is measured by Transient Hot Bridge THB-100 (Linseis, Germany) at room temperature. Figure 2 is a schematic view of the thermal dissipation system for a computer processor using silicone grease containing Gr-COOH. In this model, thermal grease was painted on the interface between the CPU chip and the heatsink. We use the air conditioner to keep the ambient temperature at 28•C for all measurements. Thermal grease replaces the air gap with thermal conductivity of 0.026 W/m.K and fills the gap between the rugged surface and the heat path setting, thereby increasing the heat transfer efficiency. The thermal dissipation efficiency was evaluated by using dedicated software and built-in temperature sensors inside the microprocessor to measure the temperature of the microprocessor directly.
The computer used in this study has the following configuration: Intel Core i5 -3570 K Processor, Corsair's 4 GB DDR3 SODIMM Memory, Toshiba's 1 TB Hard Disk Drive, Asrock H61M-VS3 Mainboard, and Window 10 Ultimate Service Pack 1 Operating System for all experiments. The temperature of the microprocessor was measured by using the Core Temp 1.10.2-64 bit software. The microprocessor was pushed to the maximum (100% usage of the processor) by using Prime95 32 bit 29.3 build 1 software. Figure 4 clearly shows that the G band (around 1582.87) and 2D band (around 2678.2). The D-band intensity was appeared in the functionalized GNPs compared to the pristine GNPs. The intensity ratio of D lines to G lines was different, suggesting some changes in the surfaces and the structures of the GNPs. This result indicates that some of the sp 2 carbon atoms (C=C) were converted to sp 3 carbon atoms (C−C) at the surfaces of the MWCNTs after the acid treatment in HNO3/H2SO4. Figure 5 presents the typical FTIR spectra of the pristine GNPs and Gr-COOH. Some important peaks are seen after the GNPs have been treated with a mixture of H2SO4 and HNO3. The vibration of O-H bonding in the carboxyl group is shown as a peak at 3446 cm -1 . It was expanded more than that of the O-H bonding of H2O. The peak at 1708 cm -1 showed the existence of vibrations of the C=O bond in the carboxyl group. This shows the importance of proving the existence of carboxyl (COOH) functional groups due to the oxidation resulting from the nitric and the sulfuric acids. This clearly shows that the acids functionalized the surfaces of the GNPs. Fig. 6a shows the SEM images of silicone thermal grease. As can be seen, the silicone thermal grease used in this research contains some large and small filling particles inequitably distributed in the grease. Fig. 6b shows the SEM images of thermal grease containing 1.0 vol.% Gr-COOH as prepared. This result shows the distribution of the metal oxide particles of the grease and Gr-COOH inside thermal grease after annealing. This indicates that silicone grease clings to graphene. In other words, Gr-COOH were good compatibility and well-dispersed in the silicone grease, thereby enhancing the thermal conductivity of grease. The statistic results of thermal conductivity and the thermal conductivity enhancement of thermal grease with different Gr-COOH concentration are reported in table 1. In which, k and k0 are the thermal conductivity of the silicone thermal grease and the thermal grease containing Gr-COOH, respectively. The equations (k−k0)/k0 shown the thermal conductivity enhancement. The result shows with 0.25, 0.5, 0.75 and 1 vol.% Gr-COOH the thermal conductivity of thermal grease containing Gr-COOH was measured to be 3.210, 4.281, 5.012, 6.172 W/m.K. Similarly, the thermal conductivity enhancement was calculated to be 74%, 130%, 171%, 234% corresponding to the thermal grease containing 0.25, 0.5, 0.75 and 1.0 vol.%, respectively. Results showed that Gr-COOH 1.0 vol.% had the highest thermal conductivity enhancement of 234% compared with silicone grease. The temperature microprocessor of the can be measured directly when it during the operation of the computer at full load mode. We use an air conditioner to kept well room temperature at 28℃ for all measurements. We use thermal grease to reduce the saturation temperature and slow down the temperature increase of the processor. Figure 7 shows the microprocessor's experimental temperature as a function of working time when using thermal grease. At the initial time, the temperature of the microprocessor was about 32℃, after about 240 seconds the temperature reached saturation. The saturation temperature of the microprocessor reached 62℃ when using silicone thermal grease and it reached 61℃, 60℃, 59℃, 58℃ with silicone thermal grease containing Gr-COOH with 0.25 vol.%, 0.5 vol.%, 0.75% vol.%, 1 vol.%, respectively. Similarly, the saturation temperature decrease of CPU was calculated to be 1, 2, 3, 4 correspondings to the thermal grease containing 0.25, 0.5, 0.75 and 1.0 vol.%, responding. The lowest saturation temperature of CPU was 58℃ with grease containing 1 vol.% Gr-COOH.
IV. CONCLUSION
The successful functionalization Gr-COOH by a mixture of the acid solution was proven by Raman and FTIR spectral measurements. The SEM images proved that graphene nanoplatelets dispersed in the based grease by high energy ball mill method. The results thermal conductivity from Transient Hot Bridge THB-100 showed that thermal conductivity enhancement was up to 234 % with Gr-COOH 1.0 vol.%. The thermal dissipation efficiency of the PC's microprocessor examined and evaluated. Compared to the silicone grease, the saturation temperature of the processor using thermal grease containing 1.0 vol.% Gr-COOH decreased 4 ℃ . The obtained results confirmed the advantages of using Gr-COOH for thermal grease in microprocessors and other high-power electronic devices.
